Thyroid hormone and dexamethasone increase the levels of a messenger ribonucleic acid for a mitochondrially encoded subunit but not for a nuclear-encoded subunit of cytochrome c oxidase.
The nuclear genome is the primary locus of activity for thyroid hormone and dexamethasone; however, one well described secondary effect of treatment with these hormones is increased mitochondrial respiratory activity. To examine the mechanism of the increase in respiration, we have treated a rat hepatoma cell line, HTC cells, with thyroid hormone and dexamethasone and measured their effects on the activity of a respiratory chain enzyme and on mitochondrial (mt) RNA and mtDNA levels. Thyroid hormone, but not dexamethasone, increased cytochrome c oxidase activity in HTC cells; the increase in activity was nearly 2-fold over control values. To determine whether this increased activity was the result of coordinate increases in expression of nuclear and cytoplasmic genes for this enzyme, we measured changes in the levels of messenger RNAs for both nuclear and mitochondrially encoded cytochrome oxidase subunits. Treatment of HTC cells with thyroid hormone and/or dexamethasone resulted in 3- to 4-fold increases in the levels of several RNAs encoded in the mt genome, including subunit II of cytochrome c oxidase. In contrast, this treatment had no effect on the messenger RNA encoding a nuclear subunit of this same enzyme. Neither of these hormones had any effect on cell number or on the level of mtDNA. Dose response and time course of thyroid hormone and dexamethasone administration on mtRNA levels were consistent with these hormones acting through their nuclear hormone receptors. Increased expression of the mt genome by alteration of transcription or RNA stability is a likely candidate for a mechanism by which these hormones can regulate mitochondrial activity.